Although intraocular pressure is an important risk factor in glaucoma, there is growing body evidence indicating an immunological component in the pathogenesis of normal-tension glaucoma (NTG). The aim of this study was to determine if NTG coexists with elevated levels of autoantibodies detected in rheumatic diseases.
Background
Glaucoma is a group of diseases characterized by chronic progressive optic neuropathy that leads to degeneration of retinal ganglion cells and their axons, resulting in the typical appearance of the optic disc, which differentiates it from other optic neuropathies and visual-field defects [1] [2] [3] [4] . There is thinning of the neuroretinal rim and the central depression of the optic disk expands. The causes of optic disk cupping include the loss of retinal ganglion cells, glial cells, and blood vessels [1] . Elevated intraocular pressure (IOP) is considered a major risk factor for the development of glaucomatous optic neuropathy. At present, IOP reduction has been the only effective treatment for glaucoma. In normal-tension glaucoma (NTG), however, IOP is not elevated and thus there must be other risk factors for glaucomatous optic neuropathy and subsequent damage to the optic nerve [5, 6] .
Glaucoma is a neurodegenerative disease; the numerous underlying pathogenetic mechanisms are responsible for the death of retinal ganglion cells and degeneration of their axons. There is increasing evidence of immune system involvement in neurodegenerative processes and numerous studies confirm the autoimmune component of glaucomatous optic neuropathy, with the immune system responsible for the degeneration of retinal ganglion cells and their axons [7] .
Over 30 years ago, Cartwright et al. found that as many as 30% of patients with NTG had coexisting autoimmune disease compared to 8% of patients with ocular hypertension. Their study suggested that the immune system may be responsible for optic neuropathy in NTG [8] and prompted further studies in this area. Their findings implicate the humoral immune system in the pathogenesis and progression of glaucomatous optic neuropathy.
Wax et al. assessed levels of the monoclonal proteins IgM, IgG, and IgA in patients with NTG and patients with primary open-angle glaucoma (POAG) and found elevated levels in 18% of NTG patients, and no elevation in POAG patients [9] . Additionally, the NTG patients more frequently showed elevated serum levels of antibodies directed against extractable nuclear antigens (ENA) and of autoantibodies directed against Sjögren's syndrome A antigens (SS-A/Ro) and Sjögren's syndrome B antigens (SS-B/La). Antinuclear antibodies (ANA) are autoantibodies directed against non-extractable or extractable nuclear antigens. ANAs of importance in clinical practice include anti-Sm, anti-RNP (ribonucleoprotein), anti-SS-A/Ro, anti-SS-B-La, anti-Scl-70, and anti-Jo-1. The prevalence of ANAs in healthy individuals is 5% and their normal titer is 1:20, but it increases with age. ANAs may be also induced by pregnancy, drugs (e.g., gold salts, sulfasalazine, immunoglobulins, and TNF-a antagonists), infectious diseases, and malignancy [10] .
A study by Hamman et al. assessed the serum levels of ANAs, anti-ENA, and anti-dsDNA autoantibodies, titers of IgA, IgM, and IgG immunoglobulins, and serum protein electrophoresis in patients with NTG and with POAG, and in control subjects. Compared with the other groups, the NTG patients had statistically significant increases in serum IgA levels and considerably higher ANA levels, although the latter difference was not statistically significant [11] .
Antiphospholipid antibodies are a heterogeneous group of autoantibodies that react against plasma proteins. They have affinity to negatively-charged phospholipids such as cardiolipin, phosphatidylserine, phosphatidylinositol, and phosphatidic acid. The prevalence of antiphospholipid antibodies in healthy individuals is approximately 8% and their elevated titers are observed mostly in antiphospholipid syndrome and systemic lupus erythematosus [10] . Kremmer et al. found higher IgG and IgM antiphosphatidylserine antibodies in patients with NTG compared with POAG patients and controls, which might indicate both active (IgM) and chronic (IgG) autoimmune processes in NTG [12] . The multicenter population study titled the Canadian Glaucoma Study, from the Canadian Glaucoma Study Group, confirmed the relationship between anticardiolipin antibodies and the pathogenesis of glaucoma, with a 4-fold risk for the progression of glaucomatous optic neuropathy in patients with elevated anticardiolipin antibodies compared to individuals with normal levels. The study demonstrated that elevated levels of anticardiolipin antibodies in glaucoma patients are an independent factor of glaucoma progression with subsequent visual-field defects [13] .
The aim of the study
The aim of the study was to determine if normal-tension glaucoma coexists with the elevated levels of autoantibodies detected in rheumatic diseases.
Material and Methods
This was a case-control study performed in 3 groups of patients: normal tension glaucoma (Group 1), primary open-angle glaucoma (Group 2), and healthy control patients without glaucoma (Group 3).
On 13 January 2010, the Bioethics Committee at the Medical Centre of Postgraduate Education gave their approval for the study. Before entering the study, each patient was verbally informed about their participation in a scientific study. The subject matter of the study was presented by a physician and the patient was given printed "Patient Information" about the study, which was written to be easy to understand for people without specialized medical knowledge. Next, each prospective participant gave informed consent to participate in the study by filling out and signing the Informed Consent for Clinical Studies form.
All patients had complete ophthalmologic examination and blood tests. The ophthalmologic examination included visual acuity, intraocular pressure measurement using applanation and pascal tonometry, detailed assessment of the anterior and posterior segments of the eyeball, pachymetry, gonioscopy, visual-field examination, and optical coherence tomography (OCT) of the optic nerve and the macula. The exclusion criteria were: lack of informed consent, ocular diseases that might lead to false results (e.g., corneal disorders with possible impact on visual acuity and visual field, including corneal ulceration, corneal injury, corneal dystrophy, corneal swelling; disorders of the ocular lens, including mature cataract, brown cataract and congenital cataract, with impact on visual acuity and visual field; retinal disorders with possible impact on visual acuity and visual field, including acquired macular disorders (e.g., age-related macular degeneration), retinal vascular disorders (e.g., diabetic retinopathy, retinal detachment; neurological disorders and optic nerve disorders, with possible impact on visual activity and visual field, including status after cerebrovascular accident, optic neuritis, optic neuropathy); severe systemic disease with possible impact on serum antibody levels, including chronic viral hepatitis, chronic inflammatory pulmonary disorders, systemic malignancies, viral infections (AIDS, infectious mononucleosis, influenza), bacterial infections (tuberculosis, syphilis, leprosy, brucellosis, salmonellosis, subacute endocarditis), parasitic diseases (malaria, filariasis, schistosomiasis), status after vaccination against viral disease, medical treatments affecting autoantibody levels, and intraocular pressure and pregnancy.
Statistical analysis
The statistical analyses were performed using STAT software. Prior to examination, a minimum number of patients required to be included in each group was established. Inclusion of 34 patients to each of the NTG, POAG, and controls group ensured (with 80% odds ratio) statistical significance at 5% (p=0.05). The normality of distribution of the study variables in particular groups was assessed with the Shapiro-Wilk test. Because of departures from normality assumptions, the non-parametric Kruskal-Wallis test was used for comparisons. The chi-square test was used to compare frequencies. The entire statistical analysis was performed at the significance level a=0.05. Results were considered statistically significant at p<0.05.
Results
We included a total of 105 patients aged 30-80 years in the study. Their demographic data are presented in Table 1 .
In the NTG group, a coexisting autoimmune disease was identified in 3 patients (8.6%) by laboratory investigations within The difference is not statistically significant (p=0.35).
• The difference is not statistically significant (p=0.37). The only statistically significant difference was between Groups 1 and 2 (p=0.01). However, it should be emphasized that in spite of this statistically significant difference between the NTG patients and the POAG patients, none of the NTG patients had an elevated blood rheumatoid factor level (outside the laboratory's normal value range).
The median levels of anti-citrullinated protein antibodies (normal range: 0-5 U/mL) were not elevated in any of the study groups and were as follows ( Figure 4 ): Group 1: 0.00 U/mL (Q1-0.00; Q3-0.60);
Group 2: 0.00 U/mL (Q1-0.00; Q3-0.00); Group 3: 0.00 U/mL (Q1-0.00; Q3-0.00).
The differences between Groups 1 and 3 (p=0.0009) and between Groups 2 and 3 (p=0.041) were statistically significant. However, in this case too, in spite of the statistical significance, none of the NTG or POAG patients had an elevated ACPA level in the blood.
Tests for IgG and IgM antiphospholipid antibodies (anticardiolipin, anti-beta2-glycoprotein I, and anti-prothrombin) did not demonstrate their elevated titers in any of the study groups (median levels presented below):
• I gG anticardiolipin antibodies (normal range: 0-10 GPL [IgG phospholipid units]) ( Figure 5A ): Group 1: 5.29 GPL (Q1-3.27; Q3-8.27); Group 2: 5.29 GPL (Q1-3.59; Q3-6.71); Group 3: 4.11 GPL (Q1-2.85; Q3-6.05).
The difference was not statistically significant (p=0.39).
• The difference was statistically significant (p=0.03). Comparison between groups found a statistically significantly higher titer of IgG anti-prothrombin antibodies in the NTG patients than in the POAG patients (p=0.01) but not between NTG and control group (p=0.24).
• IgM anti-prothrombin antibodies (normal range: 0-6 SMU) ( Figure 7B ): Group 1: 1.21 SMU (Q1-0.67; Q3-2.69); Group 2: 1.28 SMU (Q1-1.01; Q3-2.71); Group 3: 1.61 SMU (Q1-1.19; Q3-2.47).
The difference was not statistically significant (p=0.32).
Discussion
A pathogenetic association between autoimmune disorders and the development of glaucomatous optic neuropathy has considered for approximately 30 years. However, in spite of numerous published studies suggesting the autoimmune etiology of glaucomatous optic neuropathy, so far none of them has offered convincing evidence for the role of the immune system in the pathogenesis of NTG.
The first study that put forward the hypothesis of the autoimmune component of glaucoma was published in the United States in 1992 by Cartwright et al., who reported autoimmune comorbidities up to 30% of patients with NTG, compared to just 8% of patients with ocular hypertension. Our study, carried out more than 30 years later, produced different results. [15] . Thus it may be assumed that the elevated immunoglobulin levels reported by Wax et al. were partly accounted for by patient age. It was only later that Hammam et al. assessed particular classes of immunoglobulins in the sera of patients with NTG, POAG, and controls. Only the mean IgA concentration was statistically significantly higher in the NTG patients. The authors, however, did not consider an important fact -although that concentration was higher than the IgA levels in the control group and in the POAG patients, it still remained within the laboratory's normal value range [11] . In our opinion, the study does not provide evidence for elevated IgA concentrations in the sera of patients with NTG, which would be the cause of glaucomatous optic neuropathy. Unlike the 2 studies presented above, we did not find any differences in the serum IgGs, IgMs, and IgAs between the 3 groups of subjects. In view of some limitations of those 2 studies, we believe that the results of our study are reliable and we conclude that immunoglobulin levels are not elevated in NTG serum.
A later study by Wax et al. also deals with the question of the autoimmune component of glaucoma. They found more frequent occurrence of ANAs and antibodies directed against ENAs (e.g., RNP, SS-A/Ro, and SS-B/La) in patients with NTG. In their study, 41% of patients with NTG were ANA-positive compared to 29% of patients with POAG, but the difference was not statistically significant. Additionally, the incidence of ENAs was higher in the NTG patients than in the POAG patients and the difference was statistically significant [9] . In another study, Hammam et al. confirmed the results of the study by Wax et al. reporting a higher incidence of serum ANAs in NTG, but the difference was not statistically significant. A large proportion of the study patients tested positive for ANAs: 32.3% of the NTG patients, 12.5% of the POAG patients and 15.6% of the controls. Unlike Wax et al., Hammam et al. did not observe a statistically significant increase in the incidence of antibodies directed against ENAs in the patients with NTG (12.9%) vs. 9.4% of the patients with POAG and 3.1% of the controls [11] .
The results of our study are not in agreement with those in the studies discussed above. None of the study patients with NTG tested positive for ANAs. Of key importance is the method used to determine serum ANAs. The laboratory that carried out the tests in the present study detected ANAs at titers ³1:160 (i.e., the minimum titer relevant for the diagnosis of rheumatic disease) [11] . On the other hand, the 2 studies cited earlier reported ANA titers as low as 1:40. In the study by Hammam et al., all ANA-positive patients except 1 had ANA titers of ³1:40 [11] . In the study by Wax et al., half of all NTG patients tested positive for ANAs but the titers were 1:40 or 1:80 [9] . This difference in the ANA testing method was the most likely cause of the difference in results between our study and the earlier studies. Still, the elevations of serum ANAs reported by Wax et al. and Hammam et al. were not statistically significant and it may be assumed that ANAs are not involved in the pathogenesis of glaucomatous optic neuropathy. Interestingly, in both our study and the studies by the 2 other groups of authors, relatively large proportions of patients with and without glaucoma tested positive for ANAs. According to epidemiological reports, ANAs are increased in only 5% of the general population. Their titers increase with age and during pregnancy, some treatments (e.g., therapy with gold salts, sulfasalazine, immunoglobulins, or TNF-a antagonists), infectious diseases, and malignancies [10] . In our study, elevated ANA titers were found in as many as 17.1%, 23.5%, and 16.6% of patients with NTG, POAG and controls, respectively, while the corresponding values in the study by Hammam et al. were 32.3%, 12.5%, and 15.6%. Neither of the 2 groups of authors indicated whether their exclusion criteria included pregnancy, certain medications, infectious disease, or malignancy, which may account for the increased ANA titers. In our study, no subjects were pregnant, had infectious disease or malignancy, or took medicinal products that could have affected their ANA levels. Thus, it may be assumed that it was the older age that accounted for such a large number of ANA-positive subjects in our study. Also, nowadays more and more apparently healthy individuals tend to test positive for ANAs, associated with both connective tissue disorders and other diseases. For example, thyroid antibodies such as anti-TPO or anti-TG are found in as many as 9% to 27% of the general population [16] [17] [18] .
Of all NTG and POAG patients and controls in the present study, none tested positive for antibodies directed against ENAs such as RNP, SS-A/Ro, and SS-B/La, Sm, PM-Scl, Scl-70, Jo-1, Ku, ACA, Mi-2 or ribosomal, fibrillarin, RNA-polymerase I, or cytoskeletal antigens. ENAs are detected in systemic connective tissue disorders, mostly in systemic lupus erythematosus and Sjögren's syndrome [10] . Thus, a question arose of why Wax et al. and Hammam et al. found increased ENAs in subjects without diagnosed rheumatic disease. The answer was provided by another study by Wax et al. [19] . Considering that in their study group of NTG patients, so many had increased antibodies directed against SS-A/Ro and SS-B/La antigens without any symptoms of Sjögren's syndrome, the authors decided to reassess the patients' sera. A new test, this time using the immunoblot method, not ELISA, did not find increased ENAs, but elevated levels of antibodies directed against the human protein HSP60. The earlier erroneous results were due to the cross-reactivity of anti-SS-A/Ro and SS-B/La antibodies with anti-HSP60 antibodies, which produced false-positive test results for anti-SS-A/Ro and anti-SS-B/La antibodies [19] . Like Wax et al. in their first study, Hammam et al. also tested their patients for the anti-ENA antibodies using ELISA, which might have resulted in false-positive results [11] . The laboratory we used to test for the anti-ENA antibodies used the immunodiffusion method, not ELISA.
Kremmer et al. studied the IgG and IgM antiphospholipid antibody profiles in patients with NTG, patients with POAG, and controls. The NTG patients demonstrated elevated IgG antiphospholipid antibodies, including the subspecies of antiphosphatidylserine antibodies, compared with the POAG patients and controls. IgM antiphospholipid antibodies and their 2 subspecies -antiphosphatidylserine and anti-beta-2-glycoprotein I antibodies -were elevated in both POAG and NTG patients compared to controls. According to the authors, these findings suggested the autoimmune and prothrombotic component of the pathogenesis of glaucoma, including NTG [12] . Another study investigating an association between anticardiolipin antibodies and the progression of glaucomatous optic neuropathy (a multicenter population study, the Canadian Glaucoma Study [CGS] ) confirmed that the risk for the progression of glaucoma is as much as 4 times higher in patients with elevated serum anticardiolipin antibodies compared to individuals without increased anticardiolipin antibodies. Although the difference was statistically significant, the percentage of subjects with increased anticardiolipin antibodies (5.5% of the 258 study subjects) did not differ from that of the general population, which is 2% to 7% [10, 13] . The above results are in agreement with the findings of Tsakiris et al. who did not detect any significant differences in antiphospholipid antibody levels (anticardiolipin antibodies and lupus anticoagulants) between NTG and POAG patients and controls [20] . Our study included determinations of antiphospholipid antibodies in the blood. Because of their diagnostic value, tests for the following subspecies of antiphospholipid antibodies were performed: anticardiolipin, anti-beta-2-glycoprotein I, and antiprothrombin. We did not find any significant differences in the concentrations of IgG and IgM anticardiolipin antibodies and IgG and IgM antibodies directed against beta-2-glycoptotein I between the NTG, POAG, and control groups. Similarly, there were no differences in the concentrations of IgM antiprothrombin antibodies among the 2 groups. Differences in the increases of IgG antiprothrombin antibodies were found only between the NTG and the POAG patients. Elevated antiprothrombin antibody levels in the blood correspond to elevated lupus anticoagulant levels and are an independent risk factor for thrombotic events in systemic lupus erythematosus and venous and arterial thrombosis [10, 21] . Similarly, anti-phosphatidylserine antibodies, found by Kremmer et al. to be higher in NTG patients, are another risk factor for thrombosis. In this respect our findings and those by Kremmer et al. seem to be in agreement and suggest that patients with NTG are at greater risk for thrombotic events than patients with POAG. Interestingly, both studies found increased IgG immunoglobulins, which suggests a chronic autoimmune process in the pathogenesis of NTG. In our study, we did not find increased blood concentrations of anticardiolipin antibodies in the NTG patients. This confirms the results of studies by Tsakiris et al. and the CGS [13, 20] . Additionally, in the present study we did not find increased anti-beta-2-glycoprotein I antibodies in the patients with NTG. That might be possibly accounted for by small sizes of the 2 studies and differences between the study populations.
To the best of our knowledge, until now there have been no studies investigating a possible association between blood levels of rheumatoid factor and anti-citrullinated protein antibodies and the development of NTG. In the present study we performed tests for these antibodies to find out whether they have a role in the pathogenesis of glaucomatous optic neuropathy. We considered this to be important because these antibodies play an important role in the initiation of rheumatoid arthritis (RA) and in its diagnosis. RA, which may lead to permanent and incurable disability, affects 1% of the general population [22] . We wanted to determine if the rheumatoid factor and ACPA additionally influences the development of glaucomatous optic neuropathy. We found that the RF levels were higher in the NTG patients than in the POAG patients and the levels of ACPA were higher in the NTG patients than in controls, which were both statistically significant differences. In spite of this statistical significance of the differences, suggesting that the antibodies found in RA are increased in patients with NTG, we do not think there is any association between these antibodies and the pathogenesis of glaucomatous optic neuropathy, because the blood levels of ACPA and RF did not exceed the laboratory normal value range in any of the study patients with NTG.
Conclusions
The results of our study do not confirm the hypothesis that NTG coexists with elevated blood levels of antibodies, which are a characteristic feature of rheumatic diseases. The study patients with NTG were only found to have a higher mean level of IgG anti-prothrombin antibodies compared to the patients with POAG, but it was not different from the level in controls. That is why no association between NTG and increased blood levels of antibodies can be demonstrated based on the results of our study.
